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ABSTRACT

A sensor assembly is described for driver assistance systems
in motor vehicles, having a radar sensor and a video camera,
in which the radar sensor and the video camera are integrated
into a common housing.

2
i

8 Claims, 2 Drawing Sheets

34
|
7

12

/1\

4

20

g
:




US 9,229,104 B2

Sheet 1 of 2

Jan. 5§, 2016

U.S. Patent

?22 '
~F

.l’//
~,

i\
/

12

4

—22 .

20

b~

26

I

ig.



U.S. Patent

Jan. 5, 2016

Fig. 2

Sheet 2 of 2
22
7
/
34—
7
/ 20
i 36
40
30_] 12
32
1%
A
r \_.J
116
38— =

US 9,229,104 B2



US 9,229,104 B2

1
SENSOR ASSEMBLY FOR DRIVER
ASSISTANCE SYSTEMS IN MOTOR
VEHICLES

FIELD OF THE INVENTION

The present invention relates to a sensor assembly for
driver assistance systems in motor vehicles, having a radar
sensor and a video camera.

BACKGROUND INFORMATION

Driver assistance systems such as ACC (Adaptive Cruise
Control) or collision warning systems (PSS, Predictive Safety
Systems) require a sensor system in order to acquire the
surrounding traffic situation, in particular in order to locate
vehicles traveling in front. This sensor system typically
includes a radar sensor or a video camera having an associ-
ated electronic image evaluation system, or also a combina-
tion of both sensor systems. Such a combination is particu-
larly useful because the specific strengths of the different
sensor systems supplement one another. Thus, a radar sensor
enables, in general, a precise measurement of radial distances
and radial speeds, but only a relatively low-resolution mea-
surement of azimuth angles, and only a rough estimation of
the width of located objects, whereas a video camera permits
precise measurement of azimuth angles, cross-speeds, and
object widths, but (in particular in the case of a monocular
system) offers only a low degree of precision in the measure-
ment of radial distances and speeds.

German patent document DE 10 2007 018 470 Al dis-
cusses a sensor system that includes a combination of a radar
sensor and a video camera, and an electronic evaluation sys-
tem that fuses the data of the two sensor types with one
another.

In available sensor assemblies, the radar sensor is stan-
dardly attached to the outside of the vehicle, usually in the
area of the front bumper. The video camera, on the other hand,
is typically situated inside the vehicle, behind the windshield.

An object of the exemplary embodiments and/or exem-
plary methods of the present invention is to create a sensor
assembly of the type described above that can be particularly
easily installed and adjusted.

According to the exemplary embodiments and/or exem-
plary methods of the present invention, this object may be
achieved in that the radar sensor and the video camera are
integrated into a common housing.

The radar sensor and the video camera should in general be
adjusted so that their optical axes run exactly parallel to one
another, for example exactly in the longitudinal direction of
the vehicle. The integration of the radar sensor and the video
camera in a common housing makes it possible to carry out
this adjustment of the two components relative to one another
at the manufacturer with a high degree of precision. During
installation in the motor vehicle, the housing then need only
be mounted in or on the vehicle body and adjusted relative to
the body, thus significantly simplifying the assembly and
adjustment processes. For example, the adjustment relative to
the vehicle body can take place on a suitable test bench with
the aid of the video image recorded by the video camera itself,
whereby at the same time a correct adjustment of the radar
sensor relative to the vehicle body is also achieved.

The common housing can for example be attached in the
interior of the vehicle, behind the windshield, as the video
camera was previously.

Advantageous embodiments and developments of the
present invention are described herein.
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In a particularly advantageous specific embodiment, the
common housing contains electronic components for a com-
mon pre-evaluation of the data of the radar sensor and of the
video camera. In this case, the fusion of the data can already
take place at a low level, namely at the sensor level, using the
electronic components in the common housing, the data of the
radar sensor facilitating the interpretation of the video image
and vice versa, so that the amount of data to be communicated
from the housing to the rest of the vehicle electronics system
can be significantly reduced.

An exemplary embodiment of the present invention is
shown in the drawings and is explained in more detail in the
following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic front view of a sensor assembly
according to the present invention in a common housing; and

FIG. 2 shows a schematic section through the housing
along the line II-II in FIG. 1.

DETAILED DESCRIPTION

The sensor assembly shown in FIG. 1 includes a radar
sensor 10, of which only a radar lens 12 is visible in the front
view, and a video camera 14 having an objective 16. Radar
sensor 10 and video camera 14 are situated in a common
housing 18 in such a way that radar lens 12 and objective 16
are held in a common front housing cover 20.

On the upper side of housing 18 there are situated fastening
projections 22 that in the depicted example are formed such
that they enable a locking connection of housing 18 to a
console 24 that is connected fixedly to the vehicle and is
shown only in broken lines. A covering 26 can also be
mounted on console 24, surrounding housing 18 on its other
sides and essentially leaving exposed only front housing
cover 20 with radar lens 12 and objective 16.

Attached laterally in housing 18 is a plug connector 28 that
creates the connection between the sensor assembly and the
other electronic components of the vehicle, and that is also
accommodated in covering 26 together with a counter-plug
connector (not shown) at the vehicle side.

FIG. 2 shows housing 18 in section, so that radar lens 12
and objective 16 of the video camera are seen in a side view.

Inside housing 10 there is a separating wall 30 that runs
parallel to front housing cover 20 and to a rear housing cover
32 and that extends upward past the upper wall of the housing,
up to a web 34 that connects and rigidifies the two fastening
projections 22.

A circuit board 36 is equipped with electronic components
(not shown) for controlling video camera 14, and is fastened
to separating wall 30 so that it is accommodated in the inter-
mediate space between this separating wall and front housing
cover 20. Another circuit board 38 bears, in a known manner,
the RF part and the antennas of the radar sensor, and is
fastened to the opposite side of separating wall 30 so that it is
accommodated in the intermediate space between this sepa-
rating wall and rear housing cover 32. Radar lens 12 and video
camera 16 are held in front housing cover 20 in such a way
that their optical axes are oriented exactly parallel to one
another. The two circuit boards 36 and 38 are attached fixedly
to separating wall 18. Because front housing cover 20 is held
fixedly in housing 10, a stable spatial relationship is perma-
nently ensured between radar lens 12 and the antennas on
circuit board 38.

Inthe intermediate space between circuit board 38 and rear
housing cover 32 in housing 10, a further circuit board 40 is
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accommodated that is equipped with electronic components
of' a common evaluation electronics system for radar sensor
10 and video camera 14. This evaluation electronics system is
connected, via lines that are not shown, to the components of
the control electronics system for video camera 14, and to the
RF part of radar sensor 10, and permits a fusion and common
pre-evaluation of the location data of the radar sensor and the
video camera. During this common pre-evaluation, on the
basis of the location data supplied by radar sensor 10 and the
images supplied by video camera 14 individual objects can be
identified and followed in their temporal development over a
plurality of temporally successive measurement cycles of the
radar sensor. Here, radar sensor 10 supplies relatively precise
data concerning the radial distance and radial speed of the
located objects, and, because it is an angle-resolving radar
sensor, also provides data concerning the azimuth angle at
which the respective objects are seen. This makes it possible
to identify the images of the objects recorded by video camera
14 with the objects located by the radar sensor. By evaluating
the video images, the azimuth angles of the individual objects
can be determined more precisely, and in addition more pre-
cise information about the width of each of the objects can be
obtained. Finally, in the pre-evaluation stage a continuously
updated list is in this way obtained of all located objects,
including precise data concerning their radial distances and
speeds, as well as their lateral position and width. These data
are read via plug connector 28 and are transmitted over cor-
responding data lines (not shown) to an electronic data pro-
cessing system (not shown) that is installed at another loca-
tion in the vehicle. The pre-processing of the data inside the
sensor assembly significantly reduces the quantity of data that
is to be transmitted, so that the required data transmission
capacity can be provided without difficulty.

Via plug connector 28, radar sensor 10 and video camera
14 are also supplied with operating voltage and with the
required control signals.

What is claimed is:

1. A sensor assembly for a driver assistance system in a
motor vehicle, comprising:

a radar sensor; and

a video camera;

wherein:

the radar sensor and the video camera are integrated into
a common housing,

a radar lens of the radar sensor and an objective of the
video camera are mounted in a front housing cover of
the housing with their optical axes oriented parallel to
one another,

the housing accommodates an electronic circuit for the
fusion of location data of the radar sensor and the
video camera,

a first circuit board that is equipped with an RF part and
antenna elements of the radar sensor is mounted fix-
edly on a first side of a separating wall inside the
housing,
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a second circuit board that controls the video camera is
mounted on a second side of the separating wall oppo-
site the first side, and

the electronic circuit for the fusion of location data is
electrically connected to the first circuit board and the
second circuit board, and located in an intermediate
space between the first circuit board and a rear hous-
ing cover of the housing.

2. The sensor assembly of claim 1, wherein the electronic
circuit performs a preliminary analysis of the location data of
the radar sensor and the video camera.

3. The sensor assembly of claim 2, wherein the electronic
circuit is configured to transmit a result of the preliminary
analysis to an evaluation system remote from the sensor
assembly.

4. The sensor assembly of claim 3, wherein the result of the
preliminary analysis includes a continuously updated list of
located objects and, for each located object, data describing at
least one of a radial distance, a speed, a lateral position and a
width of the located object.

5. A sensor assembly for a driver assistance system in a
motor vehicle, comprising:

a radar sensor;

a video camera;

wherein:

the radar sensor and the video camera are integrated into
a common housing,

a radar lens of the radar sensor and an objective of the
video camera are mounted in a front housing cover of
the housing with their optical axes oriented parallel to
one another,

a first circuit board that is equipped with an RF part and
antenna elements of the radar sensor is mounted fix-
edly on a first side of a separating wall inside the
housing, and

a second circuit board that controls the video camera is
mounted on a second side of the separating wall oppo-
site the first side; and

an electronic circuit that fuses location data of the radar

sensor and the video camera, wherein the electronic

circuit is located in a space between the separating wall
and a rear housing cover of the housing.

6. The sensor assembly of claim 5, wherein the electronic
circuit performs a preliminary analysis of the location data of
the radar sensor and the video camera.

7. The sensor assembly of claim 6, wherein the electronic
circuit is configured to transmit a result of the preliminary
analysis to an evaluation system remote from the sensor
assembly.

8. The sensor assembly of claim 7, wherein the result of the
preliminary analysis includes a continuously updated list of
located objects and, for each located object, data describing at
least one of a radial distance, a speed, a lateral position and a
width of the located object.
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